The plants of the genus Phyllanthus (Euphorbiaceae) are distributed in most tropical and subtropical regions of world. This plant has been long used as a traditional medicine to treat problems such as stomach, intestinal infections, kidney and urinary bladder disturbances, diabetes, and hepatitis B. There has been considerable interest in these plants in recent years. This review discusses the antiviral and anticancer aspects of Phyllanthus species. Scientific studies have demonstrated that extracts and purified isolated compounds (flavonoids, lignans, phenols, and terpenes) obtained from these plants possess antiviral effects against herpes simplex (HSV) and dengue virus infections (DENV). These observations are associated with the disruption of essential proteins needed during viral cycle, thus halting the viral replication. In addition, the Phyllanthus species have also been shown to exert inhibitory effects against selected cancers types. In these studies anti-proliferative, anti-metastatic, anti-angiogenic effects and induced apoptosis of human cancers cell lines were observed. These may be explained by the disruption of multiple survival pathways and differential protein expression. CONLCUSION:As a conclusion, tThe Phyllanthus plant possesses multiple medicinal properties, including antiviral and anticancer activities which may potentially be used as a medicinal source for many disease locally.
Phyllanthus
Besides being sources of food supply, plants and herbs also play important roles in the treatment of illnesses indigenously (1) (2) (3) . One of the best examples is the discovery and development of Artemisinin (antimalaria drug) from Artemisia annua L (4). Since our ancestral times, they have discovered and primarily used a vast range of natural compounds to improve healing or treat diseases and injuries. It is only during the past decades where the importance of natural products has emerged second to the designing of synthetic compounds. However, scientists have found a new role for natural products as a basis for drug development and hence a renewed attention to natural products has emerged (5) .
Phyllanthus is a small annual plant that is widely distributed throughout the tropical and subtropical regions of world (6) . It is a very large genus containing approximately 550-750 species including P. accuminatus, P. amarus, P. pulcher, P. niruroides, P. anisolobus, P. orbiculatus, P. emblica, P. oxyphyllus, P. flexuosus, P. raticulatus, P. fraternes, P. simplex, P. mullernus, P. urinaria, P. mytrifolis, P. virgatus, P. niruri and P. watsonii (7) (8) (9) (10) (11) . In Ayurvedic medicine, Phyllanthus has a long tradition of use to treat jaundice, gonorrhea, frequent menstruation, dysentery and diabetes, as well as skin ulcers, sores, swelling, and itchiness (8) . In Traditional Chinese Medicinal (TCM), Phyllanthus has been used to treat gallstones and kidney stones. In addition, this plant has been thought to stimulate the immune system (9) .
The bioactive components present in various plants and foods have a prominent role for diseases prevention. Phyllanthus extracts have been reported to have several beneficial pharmacological effects, which include antiviral activity against hepatitis B and related hepatitis viruses. Others have also reported that the plant provides antibacterial, antihepatotoxic, and antidiabetic activities (10) (11) . This could be associated with the present of different bioactive compounds such as geraniin, gallic acid, rutin and quercetin (10) (11) (12) (13) (14) (15) .
It has been demonstrated that these plants are potentially good sources for the production of antiviral agents as compared to synthetic analogues. More interestingly is that by using plants as the source of antiviral agents, supply would not be a problem since the majority of these plants are usually found abundantly in developing and third world countries, where coincidentally, the incidences of infectious diseases are more widespread. Many of these diseases are still waiting for a miraculous vaccine or drug. Among these include herpes simplex (HSV) and dengue (DENV) virus infections. Besides that, plant has also been proposed by various research groups to demonstrate anticancer activities on different cancers (8, 9) . In this particular review, the antiviral and anticancer aspects of Phyllanthus species carried out in our laboratory are highlighted.
Antiviral activities of Phyllanthus

Anti-Herpesviridae (HSV) Properties
Introduction on HSV
Herpesviridae family consists of at least eight species of single large double stranded DNA enveloped viruses that are pathogenic to humans (16) (17) (18) (19) (20) . Among these species, HSV-1 and HSV-2 are more intriguing due to the enormous clinical symptoms that they may manifest, ranging from gingivostomatitis to keratoconjunctivitis, genital disease, encephalitis. In addition, these viruses are likely to infect newborn and immunocompromised patients, which is more alarming (20) . The main concern however, are their ability to remain latent and produce lifelong infections, get reactivated whenever triggered by a particular stimuli; which can include sunlight, stress or due to the weakened immunity, resulting in secondary infections (21).
Treatments of Herpes Simplex Virus
The primary treatment for HSV infections involves mainly nucleoside analogs such as acyclovir, valaciclovir, famciclovir and cidofovir. The only drawback of these limited anti-HSV drugs is the development of viral resistance against these treatments and drug toxicity (19) (20) (21) . Drug-resistant viral strains were increasingly isolated from patients, in particular immunocompromised individuals (20) . Although more HSV inhibitors (both nucleoside and nonnucleoside analogues) were established, very few of them were approved for therapeutic use due to their relatively high toxicity (20) . Thus, it is imperative to search for new antiherpetic agents that are less toxic and have lower probability of resistance development for the prevention or treatment of herpes virus infections.
Role of Phyllanthus species in HSV infection
Phyllanthus orbicularis
In 2003, Fernandez Romero and his research group prepared two butanol-and acetic acid-soluble fractions from the leaves and stems of Phyllanthus orbicularis and tested these fractions against acyclovir-sensitive and -resistant HSV-1 strains in both human foreskin fibroblast (HFF) and green ape kidney (Vero) cell lines. Both the fractions exhibited antiviral selectivity indexes (SI) ranging from 10.3 to 22.8, while their extracellular virucidal activities reached SI values ranging from 371 to 1040 (22) . In another study, a fraction that contains flavan-3-ol gallates, procyanidin B1 and B2, procyanidin dimer gallates, procyanidin trimers and procyanidin trimer gallates exerted strong anti-HSV-2 activity. As compared to this fraction though, its crude methanol extract showed higher antiviral selectivity index, suggesting the loss of some active components contributing to the antiviral activity during separation (23) . The third fractionation studies revealed inhibition of acetic ether, methanol and aqueous extracts from Phyllanthus emblica on HSV-1 at IC 50 values 25.28, 66.17 and 100.94μg/ml, respectively. Whereas on HSV-2, the IC 50 value of acetic ether, methanol and aqueous extracts from Phyllanthus emblica are 31.7, 180.3 and 112.1μg/ml, respectively (24).
Phyllanthus urinaria
Subsequent studies involved isolation of pure compounds from acetone extract (leaves and branches) of Phyllanthus urinaria and their results showed that hippomanin A blocked only HSV-2 infection but corilagin inhibited neither HSV-1 nor HSV-2 replication although both these compounds displayed similar structures (25) . Another polyphenolic compound, 1,2,4,6-tetra-O-galloyl-β-d-glucose (1246TGG) isolated from Phyllanthus emblica was found to inhibit both HSV-1 and HSV-2 infections at varying magnitudes of activity in vitro. This compound has been shown to inactivate HSV-1 particles directly, thus this leads to the inhibition of viral attachment and penetration during early infection. Other anti-HSV mechanisms of 1246TGG include an antiviral effect mainly within 3 hours post-infection as well as intracellular growth suppression of HSV-1 up to 12 hours post-infection. This is mainly due to the inhibition of HSV-1 E and L gene expressions and viral DNA replication without interrupting the RNA synthesis of IE gene, thus this leads to the reduction of viral protein synthesis. Taken together, 1246TGG might exert anti-HSV activity both by inactivating extracellular viral particles and by inhibiting viral biosynthesis in host cells (26) . A similar structure purified from the acetone extract of Phyllanthus urinaria, 1,3,4,6-tetra-O-galloyl-β-d-glucose (1346TOGDG) effectively reduced HSV-1 infection with IC 50 values of 19.2±4.0µM. Geraniin, a more well established pure compound isolated from the same extract actively suppressed HSV-2 infection with IC 50 values of 18.4±2.0µM (27) .
Activities of three Phyllanthus urinaria (whole plant) extracts, acetone, ethanol and methanol, inhibited HSV-2 infections at IC 50 values of 4.3±0.5, 5.0±0.4 and 4.0±0.9 mcg/ml, respectively. All three extracts showed no cytotoxic effect against Vero cells at concentrations of 10.0 mcg/ml and below. However, the time-of-addition study showed that these three extracts were only effective during simultaneous treatment, suggesting that they affect the initial stage of HSV-2 infection (20) . Similar phenomenon was observed in Tan et al's (28) study whereby two mode of treatments (simultaneous-and post-treatments) of four whole Phyllanthus plant (P.amarus, P.niruri, P.urinaria and P.watsonii) aqueous extracts effectively inhibited both HSV-1 and HSV-2 via inhibition of viral entry, binding and replication. Pure isolation of excoecarianin from the acetone extract of whole Phyllanthus urinaria plant protected Vero cells from HSV-2 infection with IC 50 values 1.4±0.1μM without affecting the viability or the morphology of Vero cells. This inhibitory effect was most prominent when excoecarianin was added concurrently with the virus as compared to pre-treatment and post-viral entry treatment that did not yield any antiviral effects. This revealed that excoecarianin primarily inactivate HSV-2 virus particles to prevent viral infection. It was also able to act synergistically with acyclovir to exhibit antiviral effect against HSV-2 infection in Vero cells (21) .
Phyllanthus emblica
The effects of pentagalloylglucose (PGG), a hydrolyzable polyphenol isolated from the branches and leaves of Phyllanthus emblica were tested on HSV-1-infected MRC-5 cells with or without PGG-treatment, as well as between non-infected MRC-5 cells with or without PGG-treatment by two-dimensional gel electrophoresis coupled to mass spectrometry analysis. Significantly, PGG downregulated cofilin1, a key regulator of actin cytoskeleton dynamics which is important for HSV-1-induced actin-skeleton rearrangements for infectivity, leading to a reduced HSV-1 DNA, mRNA, protein synthesis and virus yields (29) . Other antiviral mechanisms of the active Phyllanthus orbicularis (aerial parts) extracts and fractions involved inhibition of several HSV-2 early replication events and DNA synthesis (30).
Summary
Of importance it is observed that both whole extract and pure compounds derived from Phyllanthus plants exerted very minimal toxicity without changing cellular morphologies or affecting cells viability (8-9, 17, 20-22, 25-28) . Various pure compounds were successfully isolated from the Phyllanthus extracts, each of these compounds demonstrating specific inhibitory activities towards the different herpes simplex viruses, unlike the whole extract that possessed a broader spectrum of antiviral activity against both HSV-1 and HSV-2. Nonetheless, most of these research groups reported that whole Phyllanthus plant extracts inhibits the herpes simplex viruses most effectively at the time of infection (simultaneous treatment). They postulated the blocking of viral entry or replication during early HSV infection as the antiviral mechanisms. In actual case scenario however, majority of HSV infections were only diagnosed in patients present with clinical symptoms, signifying a post-infection stage rather than simultaneous infection. In such circumstance, Phyllanthus might not be a valuable anti-HSV agent and hence, further assessment of Phyllanthus in other pharmacological effects is essential before it could attract public interest as a plant possesses multiple medicinal properties.
Anti-Dengue Properties
Introduction on Dengue
Dengue is a globally important mosquito-borne arboviral infection that has spread to many tropical and subtropical areas, endangering an estimated 2.5 billion people and hence causing an increasing public health concern in endemic countries. There is approximately 50 to 100 million infections reported each year, of which 500,000 cases were severe and potentially life-threatening (31, 32) . The causative agent for dengue disease is an icosahedral, enveloped virus that contains a single-stranded positive sense genome (31) . Due to the serological and genetic relatedness, dengue virus (DENV) can be grouped into four serotypes: DENV-1 to DENV-4. It appears that all of these variants can co-circulate in endemic areas. Infection by a particular serotype confers lifelong protection against similar serotype, however protection against secondary infection by another heterologous serotype is only temporary (32, 33) . Human population of all ages are susceptible to dengue virus infection, leading to diverse illness symptoms, often involving an abrupt onset of fever, myalgia, headache, severe retro-orbital pain, and petechiae. In a more severe scenario, the individual might present with capillary leakage, hemorrhage, and circulatory shock (31, 32) . Severe disease is mainly observed in secondary, heterologous DENV infections. The mechanism by which this occurs can be explained using the antibodydependent enhancement (ADE) of infection theory, which clearly describes the primary mechanism of dengue immunopathogenesis (33) . Recognition of these clinical symptoms is crucial for successful patient management, mainly involving careful fluid infusion (31).
As specific dengue treatments are not yet available, dengue vaccine development is considered a major advance in the disease control. The only drawback for this vaccine development is the potentially detrimental role of immune enhancement (33) . Therefore, the need for new antiviral agents is of paramount in light of the need to prevent the manifestation of severe dengue. Further, this will also ensure that outbreaks can be prevented and, in future to complement possible vaccination programs. The therapeutic properties against dengue infection is currently still in its early stages. However, understanding of the molecular mechanisms behind the dengue virus life cycle and elucidation of the specific functions for each dengue viral proteins has allowed the design of novel antiviral targets. Some of these potential therapeutic intervention targets include viral entry, viral RNA polymerase/ methyltransferase, nucleotide synthesis, viral serine protease, α-glucosidases and kinases (34) . Nonetheless, plants that are rich in bioactive components remain the basis for these novel antiviral compounds.
Antiviral activity of Phyllanthus
Klawikkan and his research group first investigated the effects of various medicinal plant extracts from Thailand against DENV2 in Vero cell. Amongst these plant extracts, dichloromethane and ethanol extracts of Phyllanthus urinaria did not exhibit any DENV inhibitory activity when tested at 12.5µg/ml (35) . Two years later, cocktail (aqueous and methanolic) extracts were prepared from whole four Phyllanthus plants (P. amarus, P. niruri, P. urinaria, and P. watsonii). The maximum non-toxic dose on Vero cells for both aqueous and methanolic extracts were determined to be 250μg/ml and 15.63μg/ml respectively. At these concentrations, Phyllanthus showed strongest inhibitory activity against DENV2 with more than 90% of virus reduction in simultaneous treatment through regulation of various proteins that play important roles in cell-virus attachment, viral entry, viral polyprotein production, viral RNA replication as well as viral assembly and maturation (17, 37) . Inhibition of the viral entry into the host cell via binding of viral E protein to heparin sulfate during early infection is normally the first point of intervention (34). (34) . It is envisaged from studies conducted using Phyllanthus that it has a putative role in reducing viral load in mosquitoes. In 2012, Sarita evaluated the larvicidal activity of 15 Indian plant species and the preliminary screening showed that only 10 plants possessed larvicidal potential as they could result in 100% mortality at 1000ppm. Among these plants, they showed that the hexane extract from Phyllanthus emblica fruit was the least effective with an LC 50 value of 298.93ppm. However, Jeyasankar and his group performed a similar experiment by examining the mosquitocidal potential of Phyllanthus emblica against A. aegypti and his results obtained were more promising. The hexane extract from the leaves of Phyllanthus emblica was tested against the fourth instar larvae of A. aegypti, where 86.0% of the larval mortality was observed at 250ppm concentration with the LC 50 of 111.34ppm (LCL=93.07 -UCL=133.20). Meanwhile, the ethyl acetate extract of Phyllanthus emblica exhibited the maximum larvicidal activity (99.6% larval mortality) with LC 50 value of 78.89ppm (37) .
Larvicidal activity of Phyllanthus
In summary, Phyllanthus has the potential to be a candidate in the development of anti-dengue agents. It may work either by causing toxicity to the mosquito larvae as a part of vector control management, or by inhibiting the infection of dengue virus in the host cells. Different parts of the same Phyllanthus species may also give rise to the different magnitude of anti-dengue effects, probably attributed to the varying composition of bioactive components present. Nevertheless, the in vitro antiviral activities of Phyllanthus studied so far focused only on a particular dengue virus serotype (DENV-2) and more detailed investigations on other DENV serotypes is crucial since these serotypes may present different infectivity and virulence. Besides that, in vivo (toxicity and efficacy) investigations and pre-clinical studies need to be conducted in order for the plant to be accepted as a prospective anti-dengue agent.
Anticancer activities of Phyllanthus
Cancer
Cancer refers to a group of diseases that arise from a single (mutated) cell when it starts to grow uncontrollably to form a tumor (group of undifferentiated cells). Different stages of the tumor exhibit different responses to treatment thus making treatment very difficult. Most of the chemotherapeutic drugs including doxorubicin and cisplatin, mainly affect the fast-dividing cells of the body causing undesirable side effects such as pain, nausea, vomiting, alopecia, and anaemia (38) .
Evasiveness of apoptosis is a hallmark of cancer and is critical for cancer development and survival of tumor cell (3). This has led the cancer cells to possess uncontrolled proliferation and form a large mass of abnormal (mutated) cancer cells: tumor. During transformation of malignant tumor, tumor will triggers angiogenesis: a process whereby new blood vessels are formed from pre-existing blood vessels, to provide the route for tumor cells to exit from the primary tumor and enter the circulation and spread to other parts of the human body. Therefore, angiogenesis and metastases are intrinsically connected. This ability of malignant tumors to metastasize is responsible for the poor prognosis and the apparent high mortality rate in cancer patients (3) . Therefore, metastasis and angiogenesis remain a major clinical challenge in cancer treatment.
Development of chemoresistance to the anticancer drugs by cancer cells is another major obstacle in cancer treatments and has resulted in high mortality rate among cancer patients. Currently, there is no effective treatment for cancer, so intense research is required to obtain new anticancer agents for this cancer. Thus, scientists have begun to focus on natural product as an alternative to cancer treatment following successful development of natural-based anticancer agents such as zapotin, apigenin and resveratrol (38, 39).
Anti-proliferative effect
The anti-proliferative effects of four whole Phyllanthus plants (P.amarus, P.niruri, P.urinaria and P.watsonii) have been identified in different cancer cell lines including breast, lung, melanoma, liver, lung, leukemia and prostate (8, 9, (40) (41) (42) (43) (44) . The selective anti-proliferative effect of Phyllanthus was observed when whole extract of four Phyllanthus species (P.amarus, P.niruri, P.urinaria and P.watsonii) inhibited growth of four different cancer cell lines; A549, MeWo, MCF-7 and PC-3, without cytotoxic effects on their respective normal cells [8, 9, 40] . Most of the polyphenol compounds present in Phyllanthus plant have been reported to possess anti-proliferative effects on cancer cells including gallic acid (44) .
The anti-proliferative effect of anticancer agents has also been associated with cancer cell cycle arrest (G0/G1, S or G2/M) that finally leads them to apoptotic cell death (45) (46) . Phyllanthus plants have been reported to induce cell cycle arrest in cancer cells, which leads to inhibition of cancer cell proliferation and eventually induces apoptosis.
The whole plant extract of four Phyllanthus species (P.amarus, P.niruri, P.urinaria and P.watsonii) have been reported to induce G1-and S-phase arrest in PC-3 and MeWo cells, respectively (40) . For instance, the G1-phase arrest in Phyllanthus treated PC-3 cells was believed to be due to the disruption on several cellular pathways including MAPKs, Wnt, NFκB and Myc/Max (Figure 1) (8) . Downregulation of these pathways could lead to the activation of p27 proteins, which in turn inhibit the activation of cyclin E/CDK2 and/or cyclin D/CDK4 complexes, thus halting cell cycle progression at G1 phase (47) . In addition, degradation of c-myc and β-catenin proteins by GSK3β could reduce the production of cyclin D, which is an important initiator of cell cycle. Several studies have shown the involvement of Wnt and Myc/Max pathways in the regulation of cyclin D to induce cell growth arrest (Figure 1) (8, 47-49 ). 
Apoptosis inducer
Anti-angiogenic and anti-metastatic effects
Endothelial cells are primary cells that form the lining of blood vessels. Although Phyllanthus showed no cytotoxic effect on endothelial cells, it decreased the migration and invasive ability of endothelial cells, thus inhibiting the formation of new blood vessels (41) . The anti-angiogenic effect of water extract of whole Phyllanthus plant was observed when it inhibited microcapillary tube-like formation of endothelial cells cultured on extracellular matrix (ECM), which mimics the in vivo lining of blood vessels and in addition, it decreased the vessel density in both in vivo and ex vivo studies (53).
Phyllanthus plants have also shown the potential to reduce the metastazing ability of several cancer cell lines (8, 9, (54) (55) . For example, gallic acid found in Phyllanthus plant has disrupted cancer cell-cell interaction in a mechanical scratch-wound cellular monolayer healing assay (8, 9, 54) . In addition, whole Phyllanthus urinaria extract also inhibited the invasion ability of cancer cells in a dosedependent manner through the ECM gel as matrix barrier, which mimiced the in vivo basement membrane of blood vessel (41, 55, 56) . This anti-metastatic effect of whole Phyllanthus plant extracts (P.amarus, P.emblica, P.niruri, P.urinaria and P.watsonii) was further observed when Phyllanthus showed inhibitory effects on different matrix metalloproteinases (MMPs) in various types of cancer cells (8, ,, 53, 56-57) . Four whole plant extracts of Phyllanthus (P.amarus, P.niruri, P.urinaria and P.watsonii) were noted to inhibit the glycolytic pathway and energy production in PC-3 cells by down-regulating HIF-1α protein which leads to reduction of pro-angiogenic VEGF and thus inhibit tumor angiogenesis and thereby decrease cancer progression ( Figure 1 ) (8).
Anticancer overview
In summary, cumulative results from experimental and predictive studies suggest that whole plant extract of Phyllanthus can interfere with (1) multiple survival signalling pathways (PI3K/Akt, MAPKs, Wnt, Myc/Max, hypoxia and NFkB), and (2) protein regulations involved in tumors' cellular function and biological processes (tumour cell adhesion, apoptosis, glycogenesis and glycolysis, metastasis, angiogenesis, and protein synthesis and energy metabolism) in cancer cells. However, most of these results were derived from in vitro studies which are insufficient and less convincing since all these experiments were performed in an artificial environment. Thus, pre-clinical study using experimental cancer animal model is needed to determine the pharmacological, toxicological as well as anti-tumor effects of Phyllanthus, to provide more information on the safety usage and effectiveness of this plant against cancer.
Conclusion
In a conclusion, the Phyllanthus plant possesses multiple medicinal properties against viruses and cancer cells.
Further investigations into the antiviral and anticancer properties of Phyllanthus are required to provide more information on the safe use and effectiveness of this plant. This may create opportunities for the plant to, not only be designed and developed as antiviral and anticancer agents, but also as a dietary supplement for the prevention of disease.
